(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europ^n des brevets (11) EP 0 705 590 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of pubfication: 

10.04.1996 Builetin 1996/15 

(21) Application number: 95^^15795.7 

(22) Date of filing: 06.1 0^5. 



(51) int. 01.^: A61 K 6/00. A01 N 37/12, 
A01N 57/34. AGIN 33/12 



(84) DesignatedContracting States: 


• Toril, lUlltsuo 


— — BE^DE ES FR GB IT LU NL 


SuHa-city, Osaka (JP) 




• Tsuchltani, Ybsuhiko 


(30) Priority: 07.10.1994 JP 243781/94 


Nara-city (JP) 




• Yamada, Hideaki 


(71) Applicant: KURARAY CO., LTD. 


ICurashilcI-city (JP) 


Kurashikl-City (JP) 


• Utagawa, Noboyuld 


(72) Inventors: 


Kurashiid-city(JP) 


• imazato, Satoshi 


(74) Representative: IViailer-Bor6 & Partner 


Suita-city, Osaica (JP) 


Patentanwaite 




Graf inger Strasse 2 




D-81671 MQnchen(DE) 



(54) Antimicrobial adhesive composition for denial use 

(57) The present invention concerns an antimicro- 
bial adhesive composition tor dental use comprising (A) 
0.01 to 25% by weight (wt%) of an antimicrobial polyin- 
erizable monomer. (B) 5 to 40 wt% of a poiymerizaUe 
monomer having at least one acidic group, (C) 10 to 50 
wt% of a polymerizable monomer having at least one 
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Description 

Detailed Description of the Present Invention 
s [Field of Industrial Application] 

The present invention relates to an antimicrobial adhesive composition for dental use. 
[Prior Arq 

10 

In prosthodontk: treatment using restorative materials such as corrposite resins, dental alloys and ceranrucs. acrylic 
adhesives are often used. However, such restorative materials generally show insufficient adhesion to the teeth surface 
such that they may fall off from the surface or that tiiere may occur secondary caries or pulpitis due to Invasion of bacteria 
at the interface between the tooth arxl flie restorative material. 

IS In order to solve these and other problems, it has been proposed to give pretreatment to the the tooth surface using 
various types of surface treatment agents. It is reported that adhesion between the tooth surface and the restorative 
material improves by such pretreatment: (1) an article appeeving in Journal of Dental Research (Vol. 34. pp 849 - 853, 
1 955) states tiiat so-called add etching technique improves adhesion between ttie restorative material and tiie enamel: 
(2) an article in Journal of Dental Research (Vol. 63. pp 1087 - 1089, 1984} descra>e8 that a primer composition com- 

20 prising glutalaldehyde. 2-hydroxyethylmetiiacrylate (hereinafter HEMA) and water reinforces adhesion between tiie 
restorative material and the enamel; (3) Japanese Patent Application (J PA) Kbkai No. Sho62-223289 discloses that a 
primer obtained by adding to aqueous HEMA solution acids such as maleic acid, tribromoacetate or chloric acid signif- 
Icantiy improves adhesion between the restorative material and the enamel or dentin: (4) an article in SHIKA ZAIRYO 
KIKAI (Vol. 9, pp 65 - 73. 1990) reports tiiat a primer comprising an aqueous HEMA solution added with a monomer 

25 containing amino add residues such as N-methacryloylalanine and N-acaryloylalanine greaUy improves the adhesion 
in question; (5) JPA Kokai No. Hei 3-24071 2 discloses a primer composition comprising (Q 0.5 - 90% by weight of water, 
(ii) 5 - 90% by weight of a polymerizable composition having alcoholic hydroxy group. (i>0 0.1 * 90% by weight of a 
polymerizatrfe composition having acidic group, and (iv) 0.01 - 30% by weight of amino compounds having acidic group; 
and (6) JPA Kbkai No. Hei 4-8368 describes that a radical improvement on adhesive strength between the restorative 

30 material and the dentin is achieved when an amino compound is added to the above mentioned composition. 

Although such preti^eatment improves adhesive strengtii between ttie tooth surface and the restorative material, 
there still remains tiie problem of secondary caries or pulpitis occurring due to microbial invasion from tiie adhesion 
interface. 

Attempts have also been made to impart antimiaobial property to dental adhesives. For example, JR^ KbKal No. 

35 Hei 1 -1 7107 disdoses dental cement containing an antimicrcbial agent, and JPA Kbkai Hei 6-9725 describes a dental 
composition which contains an antimicrobial polymerizatsie monomer and a polymerizable monomer having addic group. 
However, the former dental cement containing an antimicrobial agent does have problems in that said antimicrobial 
agent becomes eluted in the oral cavity and desti-oys the oral bacterial flora and that resistant microorganisms may 
appear, requiring thorough safety study prior to dinical application. As for tiie tatter dental composition containing an 

40 antimicrobial polymerizable monomer, it is capable of reducing bacteria adhered on the surface of polymerized substance 
because the arrtimicrobial agent is non-releasable on tiie cured surface. However, it is not capable of killing the micro- 
orgeviisms remaining In the microstructure such as dentinal tubules at the adhesion interlaca 

[Problems to Be Solved by the Invention] 

45 

The present invention has been contrived in view of the problems encountered in the prior art, and aims at providing 
an arrtimicrobial composition for dental use capable of improving adhesive stirength between the tooth and the restorative 
material to ttiereby prevent microbial invasion at the interface and kill microorganisms remaining in the microstructure 
such as dentinal tubules or invading at the interface after adhesion. 

50 

[Means to Solve tiie Problems] 

The present inventors found ttiat further blending of a polymerizable monomer having addic group and water to 
said dental composition containing an antimicrobial polymerizable monomer and a polymerizable monomer having addic 
55 group Is effective in promoting penetration of the antimicrobial agent into the microstiucture at the adhesion interface 
such as dentinal tubules, and killing the microorganisms remaining in such microstructure and those invading in the 
microsbtjcture after the composition has been polymerized and cure, and completed this invention. 
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The object of the present invention is therefore to provide an antimicrobial dental composition comprising 0.01 - 25 
wt% of antimicrobial polymerizable monomer (A), 5 - 40 wt% off polymerizable monomer (B) having acidic group, 10 - 
50 wt% of polymerizable monomer (C) having alcoholic hydroxy group. 20 - 75 wt% of water and a polymerization catalyst. 
In the antimicrobial dental corrposition according to the present invention, it is essential to combine antlmiaobial 

5 polymerizable monomer (A), polymerizable nnonomer having acidic group (B), polymerizable monomer having alcoholic 
hydroxy group (C) and water. If antimicrobial polymerizable monomer (A) alone Is used, the antimicrobial action would 
be insufficient and would be merely effective in reducing microorganisms adhered on the cured surface, as is indicated 
in the data heretnbelow. Combining a poiymeriz£ible monomer having acidic group (B). a polymerizable monomer having 
alcoholic hydroxy group (C) and water in accordance with the present invention promotes penetration of the antimicrobial 

10 component into the microstructure at the interface such as dentinal tubules and enable killing of the microorganisms 
remaining therein during the primer treatment. As the non-elute type antimicrobial property develops on the cured surface 
of the composition after polymerization has taken place, microorganisms that invade from the adhesion interface between 
the tooth and the restorative material can also be killed. The present invernion provides a composition having such a 
function for the first time in the art. It Is noted that the term "adhesive" used in this invention means both a primer which 

IS is directly applied on the tooth before another adhesive is applied and an adhesive which is used to bond the tooth and 
the derrtal restorative material without using another adhesive. 

In order for the antimicrobial property to be fully exhibited during the primer treatment, it is essential to use said 
antimicrobial polymerizable monomer (A), polymerizable monomer having alcoholic hydroxy group (C) and water. The 
antimicrobial property obtained would be insufficient if any one of these conrponents is absent. 

20 In order to secure non-elute type antimicrobial property fully after polymerization and curing of the composition, it 
is essential to combine antimicrobial polymerizable nmnomer (A) and polymerizat)le monomer with acidic group (B). If 
only one of the two components is used, the antimicrobial property will be diminished and the microorganisms invading 
at the interface cannot be destroyed. 

In order for the composition to fully exhibit its original funcb'on as a dental primer of improving the adhesive strength 

25 between the tooth and the restorative material, it is necessary to use polymerizable monomer having acidic group (B) 
and polymerizable nranomer having alcoholic hydroxy group (C) and water In combination. 

Thus, the combined use of antimicrobial polymerizatrie monomer (A), polymerizable nKinomer with acidic group (B) 
and polymerizaljle monomer with alcoholic hydroxy group (C) is essential in order to meet the three requirements for 
the composition of exhibiting antimicrobial property during the primer application, non-elute type antimicrobial property 

30 after polymerization and curing, and improved adhesive strength between the tooth and the restorative material. 

The amount of antimicrobial polymerizable monomer (A) to be used in the present invention must be within the 
range of 0.01 to 25 wt% of tiie composition as a whde, and more preferably between 0.1 and 20 wt%. If it is less than 
0.01 wt%, the antimicrobial property will be insufficient and microorganisms remaining in or invading at the adhesion 
interface between the tooth and the restorative material cannot be destroyed. On the otiier hand, if said amount exceeds 

35 25 wt% as against the entire composition, the adhesive strength between the tooth and tiie restorative material cannot 
be inproved. 

Polymerizable monomer having acidic group (B) used in the present invention may be polymerizable monomers 
having acidic group such as phosphoric acid grcxjp, cart>oxylic acid group, sulfonic acid group and add anhydride resi- 
dues, and polymerizable unsaturated group such as acryloyi group, metiiacryloyi group and vinyl group. They indude. 

40 for example, compounds containing phosphoric acid monoester group such as 2-(meth)acryloyloxyetiiyl dihydrogen 
phosphate, 6-(meth)acryloyloxyhexy1 dihydrogen phosphate. 10-{meth)acryloytoxydecyl dihydrogen phosphate, and 2- 
(metti)acryloylQxyettiylphenyl dihydrogen phosphate; compounds containing phosphoric acid diesters such as bis(2* 
(metti)acrykv1oxyettiyO hydrogen phosphate. 2-(meth)-acryloyloxye«hyl hydrogen phenylphosphate. and 2-(meth)-acry- 
loyloxyethyl hydrogen anicylphosphate; derivatives of phosphoric add such as 6-(meth)acrytoytQxyhexyl phosphinate, 

45 N-(10-phosphonodecyl)-(meth)acarytamide, 4-vinylbenzenephosphate. and 4-vinylbenzyl phosphate; compounds con- 
taining cartwxylic group such as (meth)acrylic add, sucdnic acid mono(2-(meth)-acryloyloxyethyi). Isophthalic acid (2- 
(meth)acryloyloxyetiiyl), 4-(metii)acryloyloxyethyl trimellitic acid, 11,11-dicart)oxyundecyl(meth)acrylate, N-{meth)acry- 
loylalamine. N-(meth)acryloyl-5-aminosa]icylic acid. 4-viny1benzoic add, and anhydrides thereof; arxJ compounds con* 
taining sulfonic acid group such as 2-(meth)acrylamide-2'methylpropane sulfonic acid and styrene sulfonic acid. 

so The amount of polymerizable monomer having acidic group (B) used in the present invention should be within the 
range of from 5 to 40 wt% based on ttie total weight of the composition, and more preferably between 10 to 30 wt%. It 
said amount is less than 5 wt% of the composition, tiie antimicrobial property ot)tained would be insufficient, failing to 
destroy tiie microorganisms remaining in or invading at the adhesion interface of the tooth and the restorative material. 
If said amount exceeds 40 wt% of the composition, the adhesive strength between the tooth and the restorative material 

55 would not be improved. Two or more kinds of polymerizable monomer having acidic group may be used in combination. 
Polymerizatjie monomer having alcoholic hydroxy group (C) may be polymerizable monomers having alcoholic 
hydroxy group and polymerizable unsaturated group such as alcoholic hydroxy group, acryloyi group, methacryloyl group 
and vinyl group. They may include 2-hydroxyethyI(meth)acrytate, propyleneglycolmono(meth)acrylate, glycerine- 
mono(metii)acrylate. eryttiritolmono{metii)acrylate. penthaeryttvitoldi(meth}acrylate. 1.2-bis(3-methacroyloyloxy-2- 
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hydroxypropoxy)ethane. N-methylol(meth)aaylamicle. N-hydrQxyethyl(meth)aca7lamlde. and N.N-(dihydroxye- 
thyl)(meth)acrylamida 

Water used in the present invention must not contain substantially any impurities which adversely effect the adhesive 
strength between the tooth and the restorative material or the antimicrobia) property, and is preferably distilled or ion- 
5 exchanged water. The water corrtent must fall within the range of from 20 to 75 wt% of the composition, and preferably 
between 25 and 60 wt%. If it is less than 20 wt% or exceeds 75 wt%. then the adhesive strength between the tooth and 
the restorative material cannot be improved. 

If desired, it is possible to add a water missible solvent such as ethanol and acetone. 

The content of polymerizable monomer having alcoholic hydroxy group (C) must be in the range of from 10 to 50 

10 wt% of the composition, and more preferably between IS and 40 wt%. If it is less than 10 wt% or exceeds 50 wt%. the 
adhesive strength between the tooth and the restorative material cannot be improved. Two or more kinds of polymerizat)le 
nnonomer having alcoholic hydroxy group (C) many be used in combination. 

Examples of polymerization catalyst to be used in the present invention may include organic peroxides such as 
benzoyl peroxide and cumenhydroperoxides; initiators for cold polymerization such as tributylborane, benzoyl perox- 

is ides/aromatic tertiary amines, aromatic suluf inic acid (or salt thereoO/aromatic secondary or tertiary amine/acrylperox- 
ides; initiators for photopol^erization such as camphorquinone, camphorquinone^-dimethylaminobenzoic acid esters, 
camphorquinone^imethylaminotjenzophenone, camphorquinone/aromaticsulfinic acid salt, camphorquinone/perox- 
ides, camphorquinone/aldehydes, camphorquinone/imercaptans. and acylphosphin oxides. For phctopolynfierizatlon 
under ultraviolet irradiation, it is preferable to use benzolnmethylether. benzyldimethylketal. benzophenone, 2-ethylthi- 

20 oxanthone, diacetyl , benzyl, azobisisobutylonitril, and tetramethytthiuram disulfide. It ts also possible to use initiators for 
cold polymerization and for photopolymerization simultaneously. The polymerization catalyst is used within the range 
of from 2 to 1 5 wt% of the composition. 

The antimicrobial adhesive composition for dental use according to the present invention may. if desired, be added 
with polymerizable monomers of acrylic base having no aicophic hydroxy or acidic group. Polymerization inhibitor, cokx- 

25 ing agent and ultraviolet light absorbing agent may also be added. 

Examples of said polymerizable monomers of acrylic base without alcoholic hydroxy or addle group include 
methyl(meth)acry1ate, buty1(meth)acrylate. 2-(dimethylamino)ethyl(meth}acryfate, Y-rnethacryloyloxypropyltrimeth- 
oxysilane, triethyleneglycoldi(meth}acrylate, neoperrthylglycoldi(meth)acrylate. 1,6-hexanediol-di(meth)acrylate, 1,10- 
decandioldi(meth)acrylate. 2.2'-bis{(meth)acryloyloxypolyethoxy)phenyl]prDpane, 2,2'-bist4-(3-(meth)acryloyloxy-2- 

30 hydroxypropoxy)phenyl]propane, and trimethylolpropanetri(meth)acrylate. 

The antimicrobial adhesive composition for dental uses according to the present inventon is applied on the tooth 
surface in accordance with the routine method of dentistry and requires no cleaning with water; arKi it is polymerized 
and cured at the adhesion interface between the tooth and the restorative material. The composition may be cured alone 
or partly mixed with dental adhesive. 

35 Examples of said dental adhesives usually include acrylic adhesives such as those comprising polymerizable mon- 
omer of acrylic base and polymerization initiator. If necessary, a filler may also be added to the composition. Acrylic 
adhesives comprising polymerizable monomer of acrylic base such as mettiyl(metti)acrylate, butyt(meth)acrylate, 2- 
hydroxyethyl(meth)acrylate, 2-(dimethylamino)ethyl(meth)acry1ate, y-methacryloyloxypropyltrimethoxysilane. triethyl- 
eneglycoldi(meth)acrylate, neopentylglycoldi(meth)acrylate, 2,2'-bisI(meth)acryloyloxypolyethoxy)phenyllpropane. 2,2'- 

40 bis[4-(3-(meth)acryloyloxy-2-hydroxypropoxy)pheny]propane. 10-(meth)acryloyloxydBcyl dihydrogen phosphate, 2- 
(meth)acryloyloxyhylphenyl hydrogen phosphate. bis{2-{meth)acryloyloxye1hyQhydrogenphosphate, 4-(meth)acryloy- 
iQxyethyl trimellitic acid. 4-(meth)acryloylQxyethyl trimellitic acid anhydrides; polymerization initiators such as benzoyl 
peroxide, benzoylperoxide/aromatic tertiary amines, aromaticsulfinicacid (or salts thereof), aromatic secondary or terti- 
ary amines/acrylperoxides,camphorquinones, camphorquirxsne/tertiary amines, camphorquinone/peroxides, arxl acyl- 

45 phosphinoxides; and fillers such as a-quartz, silica, alumina, hydroxyapatite, fluoroaluminosilicate glass, barium sulfate, 
titanium oxide, zirconia, silica glass, soda-lime silicate glass, barium glass as well as organic composite fillers containing 
organic and inorganic components. 

The present invention will now be described by way of examples, but it is in no way to be limited by these examples. 
The adhesive strength and the antimicrobial properly were evaluated by the methods described below. 

50 

Test method for Adhesive Strength 

Bovine anterior tooth was subjected to wet polishing using No. 1000 silicon carbide polishing paper (nvanufactured 
by Nippon Kenshi Co., Ltd.) to expose the enamel or dentin surface, and the moisture on the surface was tjlown away 
55 with a dental air syringe. A tape having a bore measuring 5 mm in diameter was pasted on the exposed enamel or dentin 
surface, and the present invention adhesive composition was applied in the bore using a brush. The tooth was left 
standing for 30 seconds before drying with the air syringe. Commercial dental bonding agent "Clearftl LB Bond" (man- 
ufactured by Kuraray Co. Ltd.) was applied in a thickness of about 100 Km over the coating using a brush and irradiated 
with light for 20 seconds using a dental light projector "Lite! H" (manufactured by (3umma Ushio Denki Co. Ltd.) for curing. 
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A commercial photopolymerizable dental composite resin "Photoclearfll A" (manufactured by Kuraray Co. Ltd.) was 
placed over the coating, covered with a film comprising Eval® (manufactured by Kuraray Ca Ltd.), pressed down with 
a slide glass from above, and then irradiated with light using said light projector for 40 seconds for curing. A stainless 
rod was adhered to the cured surface using a commercial dental resin cement "Panavia 21* (manufactured by Kuraray 
5 Co. Ltd.). left standing for 15 minutes, and immersed in water at 37'*C. Tensile strength of the adhesive was measured 
after 24 hours. 

Test Method 1 for Antimicrobial Activity- 
10 Evaruatton of Antimicrobial Activity during Primer Treatment 

Bovine anterior tooth was polished with a No. 1000 silicon carbide polishing paper (manufactured by Nippon Kenshi 
Co. Ltd.) in wet condition to expose the dentin surface arxi then cut into 1 mm thick specimens using a diamond saw. 
The specimen was applied with a 40% aqueous solution of phosphoric acid on tx)th surfaces, left standing for 60 seconds, 
75 cleansed with running water and kept submerged in water for storage until use. 

Streptococcus mutans IFO 13955 which had been cultured in advance for 24 hours in a BHI broth (brain heart 
infusion) (manufactured by Nissui Seiyaku K.K.) was diluted with sterilized physiological saline to a bacterial content of 
1 X 104 (CFUAnI). inoculated on the BHI agar medium for an amount of 100 ^1 . and spread evenly over the entire surface 
using a conradi. 

so The dentin specimen mentioned above was pasted with a tape having a hole of 5 mm diameter, and pressed lightly 
onto the center of the agar medium. The adhesive composition according to the present invention was applied using a 
brush to the hole of the specimen placed on the medium and was left standing for 60 seconds to allow the conrposition 
to penetrate into the specimen tissues. The specimen was then removed from the medium, and the BHI medium was 
cultured at 37*C for 48 hours. Microbial proliferation was observed and the result was evaluated based on the following 

25 criteria. 

<M-) Microbial proliferation is observed even in the region where the specimen was placed. 

(The antimicrobial conrponent is not recognized to have penetrated into the specimen tissues.) 
+) Microbial proliferation is restricted in the specimen region when compared with the surrounding region. 
30 (The antimicrobial conrponent is recognized to have penetrated into the specimen tissues to a limited extent). 

•) No microbial proliferation is cbserved in the specimen region. 

CThe antimicrobial component has fully penetrated into the specimen tissues.) 

Test Method 2 for Antimicrobial Activity- 

35 

Evaluation of Antimiaobial Activttv on the Potvmerized/Gured Surface 

A film made of Eval® was pasted with a tape having a hole with an inner diameter of 9 mm. A doughnut shsiped 
mold (15 mm inner diameter, 40 mm outer diameter, 0.5 mm thickness) was placed over the film to maintain the same 

40 horizontal. The present invention adhesive composition was dropped into the die hole for an amount of 1 0 p.1 and dried 
using a dental air syringe. Clearfil LB Bond was applied over the film in a thickness of about 100 ^m using a brush, and 
irradiated with light using a dental light projector "Litel IP for 20 seconds for curing. Photoclearf il A was placed over the 
coating, covered with Eval® film, pressed with a slide glass from above, and then irradiated with light for 40 seconds 
using said light projector for curing. The cured sut>stance was removed from the die and cleansed ultirasonically in water 

45 for one hour. 

Streptococcus mutans IFO 1 3955 which had been cultured in advance for 24 hours in BHI broth (manufactured by 
Nigsui Seiyaku K.K.) was diluted with sterilized physiological saline to a bacterial content of 1 x 10^ (CFU/ml), and 
inoculated on said cured surface for an amount of 1 00 )i1 . The 8ut)stance was left standing for 15 minutes, turned up 
side down and placed on the BHI agar medium to recover the bacterial solution. The cured sutistance was then pressed 
so against another portion of the agar medium to conpletely remove the residual microorganisms adhered to the cured 
surface to be used as the sampla At the same time, I00|ii of the dauted microbial solution was directiy inoculated on a 
BHI agar medium to be used as a confrol. These samples were cultured anaerobically at 37*0 for 24 hours, and aero- 
bically for another 24 hours, and colonies formed were counted. The microbial death ratio was calculated by the following 
equation: 

55 

n^art, «» ™r««r«a«:,.«^ NumbeT of colonies (confrol) - Number of colonies (sample) ^ - «n 
Death ratio of microorganisms « Number of colonies (control) ^ ^ * 
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Examples 1 - 4 

Adhesive compositions were prepared by blending 12-methacrylayloxydodecytpyridiniumbromtde (hereinafter 
MDPB, the chemical structure shown below as Chemical Formuta 4) is an antimicrobial polymerizable monomer, p- 
5 methacryloyloxyethylphenylphosphate (hereinafter phenyl P. the chemical structure shown below as Chemical Formula 
5) as an antimicrobial polymerizable monomer. HEMA, distilled water, N.N-diethanol-p-toluidine (hereinafter DEPT), 
camphonquinone (hereinafter CQ). N.N-dlmethylamlnobenzoic acid isoamyl (hereinafter lADMAB). and ethanol in var- 
ying weight ratios as shown in Table 1 . The adhesive strength measurements arrd antimicrobial activity tests 1 and 2 
were conducted in the manner mentioned abova The results are shown in Table 1 . 

10 

Chemical Formula 4: 



'/ Br 



C-O— <CHa) ia.-N^ > (4) 



O 



Chemical Formula (5): 

25 




C-O— 4CHa> X-0-P-0-^0> (5) 
O OH 



35 Example 5 - 8 

Adhesive compositions were prepared by blending MDPB. 10-methacryloyloxydecyl dihydrogen phosphate (here- 
inafter M DP, the chemical structure shown below as Chemical Formula 6), HEMA distilled water, benzene sodium sulfi- 
nate (hereinafter at)breviated as BSS), and DEPT in varying weight ratios as shown in Table 3. The adhesive strength 
40 measurements and antimicrobial activity tests 1 and 2 were corxJucted in the manner mentioned above. The results are 
shown in Table 3. 

Chemical Formula (6): 

45 



50 



CHa.=C o 

C-O^CHa.) u-O-P-OH (6) 
O OH 



55 Examples 9 -12 



Adhesive compositions were prepared by blending MDPB. MDR HBMA. distilled water, DEPT, CQ. lADMAB and 
ethanol in varying weight ratios shown in Tabie 1 . The adhesive strength measurements and antimicrobial activity tests 
1 and 2 were conducted in the manner mentioned above. The results are shown in Table 1 . 
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Examples 13-16 

Adhesive compositions were prepared by blerxJing MOPB, methcrylic add, HEMA, distilled water, DEPT, CQ, IAD- 
MAB. and ethanol in varying weight ratios shown in Table 1 . The adhesive strength measurements and antimicrobial 
5 activity tests 1 and 2 were conducted in the manner mentioned above. The results are shown in Table 1 . 

Examples 17 • 20 

Adhesive compositions were prepared by blending MDPB. 4-methacaryloylQxyethyl trimellitic acid (hereinafter 4- 
10 MET), HEMA distilled water, DEPT. CQ, lADMAB and ethanol in varying weight ratios shown in Table 2. The adhesive 
strengtti measurements and antimicrobial activity tests 1 and 2 were conducted in the manner mentioned above. The 
results are shown in Tstble 2. 

Examples 21 -24 



Adhesive compositions were prepared by blending MDPB, 4-methacryloyloxyethyl trimellitic add anhydrides (here- 
inafter 4-M ETA). HEMA, distilled water. SWPR. CQ, lADMAB and ethanol in varying weight ratios shown in Tat>le 1. The 
adhesive strength measurements and antimicrobial activity tests 1 and 2 were conducted in the manner mentioned 
above. The results are shown in TWe 2. 

20 

Examples 25 - 28 

Adhesive compositions were prepared by t)lending MDPB. 4-acryloyloxyethyl trimellitic add (hereinafter 4-AET), 
HEMA, distilled water. DEPT, CQ. lADMAB and etharwl in varying weight ratios shown in Table 2. The adhesive strength 
25 measurements and antimicrobial activity tests 1 and 2 were conducted in the manner mentioned above. The results are 
shown in Table 2. 

Examples 29 - 32 

30 Adhesive compositions were prepared by blending MDPB, phenyl P, HEMA. distilled water, BSS and DEPT in varying 
weight ratios shown in Table 3. The adhesive strengtti measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described alaove. The results are shown in T^e 3. 

Examples 33 - 36 



Adhesive compositions were prepared by blending MDPB, methacrylic add, HEMA. distilled water, BSS and DEPT 
in varying weight ratios shown in Tat)le 3. The adhesive strength measurements and antimicrobial activity tests 1 and 2 
were conducted in the manner described akxTve. The results are shown in Table 3. 

40 Examples 37 - 40 

Adhesive compositions were prepared by blending an antimicrobial polymerizable monomer having the chemical 
structure (7) shown below (hereinafter D-301 monomer), phenyl P. HEMA distilled water. BSS and DEPT in varying 
weight ratios showvn in Tat>le 4. The adhesive strengtti measurements and antimicrobial activity tests 1 and 2 were 
45 conducted in the manner described atx3ve. The results are shown in Table 4. 
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Chemical Structure 7 



CHa 

cf j>H2CH200C-C=CH2 
CHa-(CHa),?.t|NCHa-^^ «7) 



75 



CH2CH200<^C"^CH2 
CHa 



Examples 41 -44 

Adhesive compositions were prepared by blending an antimicrobial polymerizaUe monomer having the chemical 
so structure (8) shown below (hereinafter abbreviated as D-301 monomer), MDP. HEM A. distilled water, BSS and DEPT 
in varying weight ratios shown in Table 4. The adhesive strength measurements and antimicrobial activity tests 1 and 2 
were conducted in the manner described above. The results are shown in Table 4. 



Chemical Formula 8: 



P5 



CH2*" 

30 




o 

CI (8) 
35 CHa-lNl-CHa 

CHa 

40 

Examples 45 -48 

Adhesive compositions were prepared by blending an antimicrobial polymerizable monomer having the chemical 
45 structure (8) shown above (hereinafter abbreviated as VB>1 6 monomer), phenyl P. HEMA, distilled water. BSS and DEPT 
in varying weight ratios shown in Table 4. The adhesive strength measurements and antimicrobial activity tests 1 and 2 



so 
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were oonducted in the manner described above. The results are shown in Table 4. 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



SS 



a Ok 

r. 

CO |g 

§•3 



§1 



it 



s 





i 


a>eo CM » o o C3 
I i •— J trf trS CO c4 — — i 

— . CM CM 


C3 

C3 

CVJ 


16.5 




1 


C3 




i 


^ o> cn QO o O o 

1 1 CO r*^ CO r-^ N n f-^ 


C3 


eo 

CO . 


r- 

CO 


1 


C3 
C3 




1 


CM ^3" LO cr> o o 


uS 




CO 


1 


o 




i 






eo 




1 


CO 

o 


M 


1 




c» 

OJ 


oo 

CO 


CO 


1 


o 


•U 
JC 

fie 

■H 

i 
o 




^* 0% 0> CO 

1 CO 1 CO c*» g4 M ^ 


c» 


a> 
c5 


co 


1 




Blend r«tl 


J 




<=> 


oo 


CO 


1 




1 


14.8 

19.0 

29.7 
30.7 
2.0 
1.0 
1.0 




«^ 


e> 


1 


o 




1 




5 






1 






& 






CO 

e-J 


CO 


1 










u3 


in 




1 


cz> 






CO aor»r»ooc3 




eo 

CM 


CM 


1 


C3 


Conponent. 


3 ' £ 1 


i 


a strength 
) 


a strength 
> 


property 1)1 


feretlon 
toa 


property 2) 
acteria 



11 21^ 
il 1^3 

u a <e 



III 
lis 



la M u 

Q « M 

M P 

o 2 « 
135^ 



9 



EP0 705 590 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



5 

o 
u 

i 



7tl 



O H 



a 





IN 


Oi OO CvJ »— . C3 o 
i 1 LO Ln C>3 Cs9 ^ 


f — -> 








o 






CP 

c-o 






1 


c=> 




I> 


^ Oa 9> TO O O O 


<=» 


CO 




1 


o 






04 o> U3 o o a 
1 1 CO go g» oj «-J »-S 




CO 




1 






Ln 


eo oo t>- o o a 
1 1 ^ OS oj o ©j ^ 






CO 

to 


1 




»< 




0> oo C<4 O 4S O 

1 1 in in CO e>S v« i— 2 




m 




1 




:l 


N 


9 0> 0> flO o <s o 




oo 




1 




















' i 

■ 8 

• 1 


<N 


Csl 1^ 


irS 








C3 
C3 




N 
















OO oo ^3 ^3 ^3 








1 






O 


0> CO 

~ t 1 iri ^ e4 *-4 


S 






t 








m g> BO Tm* 








1 


o 




Oo 


— — • c-3 csi 


u$ 


CO 

oS 


»— • 


f 


<=> 




i 








in 


I 




1 


1 

Ed & t5 •< ^ t- s 


§ 


Strength 


Strength 


ill. 


/-V 

{S 

. u a - 



si i::- o«'S 

^3 g Jl § 



55 



10 



EP0705 590 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



I . 

u 



f5 



1 



I 

1 




II 

«v> CO c? 
• — ' CM 




CO 


I 


£3 


-In 


if> ca lO LO Lft <=> 
II 




CM 
CO 


I 






1 1 CO o CO r- o 

«22S 


CO 




( 


€9 
CD 


CO 




oo 
fr^ 


13.9 


1 




rsl 

'J 


1 1 


in 
to 


13.9 


1 






in ^3 LO U> U3 o 


o> 


oo 


1 


-* 




CO ^3 CO C~ C~ Oi 


GO 


15.2 


1 




o- 






oo 
in 


1 






2 ^;5-^^ ^ 


oo 

u5 




I 


o 


l> 


ir> omu>u> <=> 
c4 * ' edeS^if^ d 




13.7 


1 




NO 


14.3 

19.0 
52. 3 
4.7 
4.7 

5.0 


oo 
cb 


13.2 


1 


o 

C3 


i 


15.0 

20.0 
54.0 
5.0 
5.0 

1.0 


C4 


oo 


1 


C3 


1 


14 ^^i i 


strenth 
(dentin) 


Adhesive 

strenth 

(enamel) 




.... 

CM 

o w 
a. a 



o « 



•s« s 

^ O H 

^ «H 

O O »< 

M 4.> 9 

O C C» 



Is 



11 



EP 0 705 590 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



4! 



4-1 

! 

eon 

§ s 



1! 

si 



I 



a 

^ 

s 

1 
s 




O C3 o o o 

CnJ I ir5 -«r "^r 






o> 
CO 


1 


o 
«=> 


<r 


in <=> LO LO to 
pi 1 o6 cri ^ 

— • wo* 


c» 




CM 


1 




4- 


CQ » CO t~- t— 


o 
in 


o6 


to 


1 










Ot 

od 




1 


o 


t 


^9 ^mir* ^3 






1 






m o if) lA tn o 


C4 
OO 




1 


<=> 
o 










1 








oo 


to 


1 




<i 






CO 


I 




<r" 


to etointo o 


oo 


1*5 • 


1 




fTi 




oo 


CO 


1 




tr- 

i 




in 

oo 


oo 

JO 


1 


o 


s 


MDP 
BEMA 

Distilled water 

BSS 
DEFT 


11 

3 — < — 


5 

s 

flD 

> c 
CI C 

11 


Adhesive ' strenth 
(enamel) 


^Antimicrobial property 1) 
Bacterial proliferation 
on the diale bottom 


XAntinicrobial property 2) 
Death rate of bacteria 
on the surface 



12 




EP0705 590 A1 



Comparative Examples 1 and 2 

Adhesive compositions were prepared by blending MDPB, phenyl P, HEMA. distilled water, DEFT, CQ, lADMAB, 
and ethanol In the weight ratios shown In Table 5. The adhesive strength measurements and antimicrablal activity tests 
5 1 and 2 were conducted In the manner desaibed above. The results are shown in Table 5. 

Comparative Examples 3 and 4 

Adhesive compositions were prepared by blending MDPB. MDP, HEMA. distilled water. BSS and DEPT in the weight 
10 ratios shown in Table 4. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were conducted 
in the manner described above. The results are shown in TaiAe 7. 

Comparative Examples 5 and 6 

75 Adhesive compositions were prepared by blending MDPB, HEMA. distilled water. DEPT, CQ. lADMAB and ethanol 
in the weight ratios shown in Table S. The adhesive strength measurements and arrtimiaobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Table 5. 

Comparative Examples 7 and 1 0 

20 

Adhesive compositions were prepared by blending MDPB. phenyl P, HEMA. DEPT, CQ. lADMAB arxi ethanol in the 
weight ratios shown in Table 5. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Table 5. 

25 Comparative Exanrples 1 1 san6 14 

Adhesive compositions were prepared t>y blending MDPB, phenyl P. distilled water, DEPT. CQ. lADMAB arxj ethanol 
in the weight ratios shown in Table 5. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Tabie 5. 

30 

Comparative Examples 15 and 16 

Adhesive compositions were prepared by blending MDPB. MDP, HEMA. distilled water, DEPT, CQ, lADMAB and 
ethanol in the weight ratios shown in Table 6. The adhesive strength measurements and antimicrobial activity tests 1 
35 and 2 were conducted in the manner described above. The results are shown in lUble 6. 

Comparative Examples 17 and 18 

Adhesive compositions were prepared by blending MDPB, HEMA, distilled water, DEPT. CQ. lADMAB and ethanol 
40 In the weight ratios shown in Table 6. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Table 6. 

Comparative Examples 19 and 22 

45 Adhesive compositions were prepared by blending MDPB, MDP. HEMA. DEPT, CQ. lADMAB and ethanol in the 

weight ratios shown in Table 6. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Tat>le 6. 

Comparative Examples 23 and 26 

so 

Adhesive compositions were prepared by blending MDPB, MDP, distilled water. DEPT, CQ, lADMAB and ethanol 
in the weight ratios shown in Table 6. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described above. The results are shown in Table 6. 

55 Comparative Examples 27 and 28 

Adhesive compositions were prepared by blending MDPB. HEMA. distilled water. BSS and DEPT in the weight 
ratios shown in Table 7. The adhesive strengtii measurements and antimicrobicd activity tests 1 and 2 were conducted 
in tiie manner described above. The results are shown in Table 7. 
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Comparative Examples 29 and 32 

Adhesive compositions were prepared by tilending MDPB. MDP, HEMA, BSS and DEPT in the weight ratios shown 
in Table 7. The adhesive strength measurements and antimicrobiai activity tests 1 and 2 were conducted in the manner 
5 described above. The results are shown i n Table 7. 

Comparative Examples 33 and 36 

Adhesive compositions were prepared by blending MOPB. MDP. distilled water, BSS and DEPT in the weight ratios 
10 shown in Table 7. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were conducted in the 
manner descritsed above. The results are shown in Table 7. 

Comparative Examples 37-41 

IS Adhesive compositions were prepared by t)lending MDPB, phenyl P. HEMA, DEPT. CO. lADMAB and ethanol in the 
weight ratios shown in Table 8. The adhesive strengtti measurements and antimicrobial activity tests 1 and 2 were 
conducted in the manner described eUxive. The results are shown in Table 8. 

Comparative Examples 42 and 46 

20 

Adhesive compositions were prepared by blending MDPB. MDP, HEMA. BSS and DEPT in the weight ratios shown 
in Table 9. The adhesive strength measurements and antimicrobial activity tests 1 and 2 were corxJucted in the manner 
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described above. The results are shown in Table 9. 
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As Table 1 dearly indicates, the adhesive compositions according to Examples 1 through 4 all exhibited sign'tficantty 
high adhesive strength of about 20 MPa when applied on both the bovine dentin and encunel. In the anturriaobial activity 
test 1 . they were confirmed to exNbit a very high antimicrobial activity, completely destroying the microorganisms adhered 
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on the disk bottom during the primer treatment. A very high antimiaobial activity was confirmed in the test 2 as the 
microorgantsms adhered on the cured surface were totally destroyed. On the other hand, as is clear from Table S. 
Comparative Example 1 showed no antimicrobial activity either during the primer treatment or on the cured surface 
despite its favorable adhesive strength. Although antimicrobial activity was observed in Comparative Example 2, its 

5 adhesive strength is clearly lower compared to Examples 1 through 4. In Comparative Examples 5 and 6 wherein no 
polymerizable monomer having acidic group was blended, the adhesive strength is apparently lower than that of Exam- 
ples 1 through 4, and their antimicrobial activity was not high enough to destroy the microorganisms during the primer 
treatment or on the cured surface. Comparative Examples 7 through 10 wherein no distilled water was blended and 
Comparative Examples 1 1 tiirough 14 wherein HEM A was not blended showed an extremely high antimicrobial activity 

10 but the adhesive strength and the antimicrobial potence during the primer treatment were apparently lower than those 
of Examples 1 through 4. As for Comparative Examples 37 through 40 wherein distilled water was blended in an amount 
of 1 5 wt% which is less than the amount claimed in Claim 1, the antimicrobial activity during the primer treatment was 
obviously lower than that of Examples 1 through 4. failing to destroy the microorganisms adhered on the disk bottom, 
although their adhesive strength was sufficientiy high. Conversely, Comparative Example 41 wherein 80 wt% of distilled 

IS water was blended in excess of the amount daimed in Claim 1 showed a signlficantiy tower adhesive sti-ength than 
Examples 1 through 4. 

As is dear from Table 1. replacing the polymeric monomer having acidic group (phenyl P) used in Examples 1 
through 4 with MDP (Examples 9 through 12) resulted in an extremely high adhesive strength of about 18 MPa both on 
the bovine dentin and enamel . They also exhibited a high antimicrobial activity during the primer treatment, totally destroy- 

20 ing the microorganisms adhered on the disk bottom surface. In the antimicrobial activity test 2. similarly high activity of 
totally destroying the microorganisms adhered on the cured surface was corrfirmed. Conversely, as Table 6 clearly indi- 
cates, no antimicrobial activity was confirmed either during the primer ti^eatment or on the cured sur^ce for Comparative 
Example 15 despite its highly favorable adhesive strength. Although antimicrobial activity was observed in Comparative 
Example 16, Hs adhesive strength was apparently lower than that of Examples Sthrough 12. With Comparative Examples 

25 17 and 18 wherein no polymeric monomer having acidic groip wash blended, the adhesive strength was clearly lower 
than that of Examples 9 through 12 and their antimicrobial activity during tiie primer treatment or on the cured surface 
was not sufficierrt enough to totally destroy the microorganisms adhered. Although the antimicrobial activity was 
exti-emely high in Comparative Examples 9 through 22 wherein no distilled water was blended and Comparative Exam- 
ples 23 through 26 wherein no HEMA was blended, the adhesive strength arxj antimicrobial activity during the primer 

30 treatment were apparentiy lower than those of Examples 9 through 12. 

As is dear from Table 1 , repladng the polymeric monomer having acidic groups (phenyl P) used in Examples 1 
through 4 witii methacrylic add (Examples 13-16) also resulted in adhesive compositions with an extremely high adhe- 
sive strength of about 1 8 M Pa botii on the tx>vine dentin arKf enamel. Moreover, the antimicrobial activity test 1 confirmed 
a high activity of totally destroying the microorganisms adhered on the disk bottom surface during the primer treatment. 

35 while the antimicrobial activity test 2 confirmed a high activity of totally destroying the microorganisms adhered on the 
cured surface. 

As is clearly shown in Table 2, replacing the polymeric monomer having acidic group used in Examples 1 through 
4 (phenyl P) with 4-META (Examples 17-20) resulted in a high adhesive strength of about 12 MPa on the bovine dentin 
and of about 15 MPa on the bovine enamel. Moreover, a high antimicrobial activity capable of totally destroying the 
40 microorganisms on tiie disk lx>ttom surface during the primer treatarnent was confirmed in the test 1 and a similarly high 
activity capat>le of destroying the microorganisms on the cured surface in the test 2. 

As is dearly shown in Table 2. replacing the polymeric monomer having addic groups used in Examples 1 through 

4 (pheriyl P) wHh 4-META (Examples 21-24) resulted in a high adhesive strength of about 1 2 MPa on the bovine dentin 
and of about 15 MPa on tiie bovine enamel. Moreover, a high antimicrobial activity capable of totally destroying the 

45 microorganisms on the disk bottom surface during primer treatment was confirmed in the test 1 and a similarly high 
activity capable of destroying the microorganisms on the cured surface in the test 2. 

As is also dear from Table 2. replacing the polymerizable monomer having acidic groups (phenyl P) used in Examples 
1 through 4 with 4-AET (Examples 25 -28) resulted in a high adhesive strength of atx)ut 12 MPa on the bovine dentin 
and of aboiA 15 MPa on the bovine enamel. Moreover, a high ar^microbial activity capable of totally destroying the 

50 microorganisnns on the disk bottom surface during the primer treatment was confirmed In the test 1 and a similariy high 
activity in the test 2 capable of totally destroying the microorganisms on the cured surface. 

As is dearly shown in Table 3. the adhesive compositions of Examples 5 through 8 exhibited a high adhesive strength 
of about 6 - 7 MPa on the bovine dentin and of atx)ut 11-15 MPa on the Ixjvine enamel. A high antimicrobial activity 
capatjie of totally destroying the microorganisms on the disk bottom surface during the primer treatment was confirmed 

55 in the test 1 , while a similarly high activity was confirmed in the test 2, totally destroying the microorganisms on tiie cured 
surface. As is dear from Table 7. on the other hand. Comparative Example 3 failed to exhibit any antimicrobial activity 
either during the primer treatment or on the cured surface, although its adhesive strength was sufficiently high. While 
Comparative Example 4 exhibits antimicrobial activity, its adhesive strength is apparently lower than that of Examples 

5 through 8. As for Comparative Examples 27 and 28 wherein no polymerizable monomer having addic groups was 
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blended, their adhesive strength is clearly lower than that of Examples 5 through 8; nor was their antimicrobial activity 
sufficient either during the primer treatment or on the cured surface. With Comparative Examples 29 through 32 wherein 
no distilled water was blended and Comparative Examples 33 through 36 wherein no H EMA was blended, the adhesive 
strength and the antimicrobial activity during the primer treatment were apparently lower than those of Examples 5 
through 9, although their antimiaobial activity on the cured surface was extremely high. As for Comparative Examples 
42 through 45 wherein distilled water was blended in an amount of 15 wt% which is less than the amount claimed in 
Claim 1 . the antimicrobial activity during the primer treatment was apparently lower than that of Examples 5 through 9. 
failing to destroy the microorganisms on the disk bottom surface, although their adhesive strength was sufficiently high. 
On the other hand, Comparative Example 46 wherein 80 wt% of distilled water was blended in excess of the amount 
claimed in Claim 1 obviously had a lower adhesive strength when compared with that of Examples 5 through 9. 

The present invention provides an antimicrobied adhesive composition for dental uses. According to the present 
invention, the antimicrobial adhesive composition is capable of preventing microbial invasion as the adhesion between 
the tooth and the restorative material is improved, of destroying the microorganisms remaining in the dental microstruc- 
ture at the interface such as dentinal tubules and of destroying microorganisms which may invade into the interface after 
the restorative material has been applied and adhered, to thereby prevent occurrence of secondary caries or infection 
of the dental pulps. 



Tables 



Adhesive Composition, Adhesive Strength and Antimicrobial Property Test Results (Comparative Examples 37 - 41 } 




Blend ratio (weight %) 


Component 


Comp 37 


38 


39 


40 


41 


Phenyl P 


18.2 


17.5 


16.2 


13.9 


5.0 


HEMA 


24.3 


23.4 


22.6 


18.5 


10.0 


Distilled water 


15.0 


15.0 


lao 


15.0 


80.0 


Ethand 


37.5 


36.1 


33.2 


28.6 


0.0 


DEPT 


2.0 


2.0 


2.0 


20 


2.0 


CQ 


1.0 


1.0 


1.0 


1.0 


1.0 


IMDMAB 


1.0 


1.0 


1.0 


1.0 


1.0 


MDPB 


1.0 


50 


10.0 


20.0 


1.0 


Adhesvie strength (dentin) 


15.3 


14.9 


14.8 


14.1 


0.3 


Adhesive strength (enamel) 


16.2 


15.9 


15.2 


15.4 


1.1 


(Antimicrobial property 1) Bacterial proliferation on the disk bottom 


+ 


+ 


+ 


+ 




(Antimicrobial property 2) Death rate of bacteria on the surface 


100 


100 


100 


100 


100 



20 



25 



30 



35 



40 



45 



SO 



55 



19 




EP0 705 590 A1 



Table 9 



Adhesive Composition. Adhesive Strength and Antimicrobial Property Test Results (Cases 42 - 46) 




Blend ratio (weight %) 


Component 


Comp 42 


43 


44 


45 


46 


MDP 


31.7 


30.5 


28.7 


24.9 


5.0 


HEM A 


42.3 


40.5 


38.3 


33.1 


10.0 


Distilled water 


15.0 


150 


15.0 


15.0 


80.0 


BSS 


5.0 


4.5 


4.0 


3.5 


2.0 


DEPT 


5.0 


4.5 


4.0 


3.5 


2.0 


MDPB 


1.0 


50 


10.0 


20.0 


1.0 


Adhesive strength (dentin) 


6.3 


59 


6.8 


59 


0.5 


Adhesive strength (enamel) 


12.2 


11.9 


13.2 


12.4 


0.9 


(AntimicFobial property i ) Bacterial proliferation on the disk bottom 


+ 


+ 


+ 


+ 




(Antimicrobial property 2) Death rate off bacteria on the surface 


100 


100 


100 


100 


100 



25 

Claims 

1 . An antimicrobial adhesive composition for dental use comprising (A) 0.0 1 to 25% by weight (wt%) of an antimicrotMal 
polymertzable monomer. (B) 5 to 40 wt% of a polymerizable monomer having at least one acidic group. (C) 10 to 

30 50 wt% of a polymerizable mononfier having at least one alcoholic hydroxy group, (D) 20 to 75 wt% of water, and a 
polymerization catalyst. 

2. The antimicrobial adhesive composition for dental use as claimed in Qaim 1 wherein said antimicrotual polymeriz- 
able monomer is represented by the fbilowing Chemical Formula (1): 

35 
40 

wherein 

Ri=H. CH3. 

R2BAIkylene group of Cs-Cts. 
X=O.S. 

45 




SO _CH20— . — OCH2— . 
moOor 1 
n ss 0 or 1 




55 
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p= 1-3 
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wher^n 



R). R4« Rs (-X-)^R«— W ^ 
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wherein 

x=o.s. 



S5 




30 



35 



_<;H20— . — OCH2— 
Re»Alkylene group of C8-C25 
W B — H. — CH3. 



40 



45 



q s 0 or 1 
Z o CI, Br. I. 

3. The antimicrobial adhesive composition for dental use as claimed in Claim 1 wherein said antimicrcbial polymeriz- 
able monomer is represented by the following Chemical Formula (2) : 



O 



(2). 



so 



wherein 
Ri = CHa. H 
XoO,S, 
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n s 0 or 1 



R2* Rs* R« - -4.X4^Rs^w. 



wherein 

Rs = Alkylene group of Cs-Czs 
W = — H, CH3, 




q s 0 or 1 
Z s CI, Br. I . 

The antimicrobial adhesive composition for denial use as claimed in Gaim 1 wherein said antimicrobial polymeriz- 
able monomer is represented by the following Chemical Formula (3): 

Ri ^5 R* zO 

O R« R7 



wherein 
Ri = H. CH3 

R2 - Alkylene group of C8-C25 
XbO.S. 






— CH2O— . — OCH2— 
m o 0 or 1 
n = 0 or 1 

Ra. R4, Re, R7 » H or C1-C20 alkyi 
R5 o Alkylene group of C1-C20 
Rs = H, or Ci-Czo aik^, or 



HaC=J:-fc.inr-fx4H-: 



Z. Y o a. Br. I . 
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The antimicrobial adhesive composition for dental use as claimed in Claim 1 wherein said antimicrobial polymeriz- 
able monomer is represented by the following Chemical Formula (4): 



CHa 




(4) 
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